Although it has been observed that various cofactors modulate activity of the androgen receptor (AR), the specific relationship between AR cofactors and prostate development and functions has not been well studied. To determine whether AR cofactor p44/WDR77 is important in prostate growth and development, we examined prostate architecture in p44/WDR77-null mice and wildtype (WT) littermates. Prostate glands from p44/WDR77-deficient animals were not only smaller than those from WT mice but also had fewer branches and terminal duct tips and were deficient in production of secretory proteins. The p44/WDR77-null prostate tissue was less differentiated and hyperproliferative relative to WT littermates. In addition, the altered expression of androgenregulated genes was observed in the p44/WDR77-null prostate. Thus, these results suggest that the AR cofactor p44/WDR77 plays important roles in prostate growth and differentiation by modulating AR-target gene expression. (Endocrinology 151: 3941-3953, 2010) 
P
rostate development occurs with outgrowth of the urogenital sinus epithelium into the surrounding mesenchyme to form epithelial buds that will become the main prostatic ducts. Studies have shown that mesenchymal androgens are necessary and sufficient for prostate ductal development (1) . On the other hand, epithelial androgens are important for the final stages of morphogenesis and for the initiation and maintenance of secretory function in the prostate (2) .
The adult prostate gland consists of glandular epithelium that is in close contact with an underlying stromal compartment. The epithelium is composed of two histological distinct layers. The secretory luminal layer is made up of tall columnar cells that are responsible for the production of prostate-specific antigen (PSA) [PSA is not expressed in the mouse prostate], prostate alkaline phosphatase, and kallikrein-2, which are secreted as part of the seminal fluid (3, 4) . Within the epithelial compartment, the androgen receptor (AR) directly inhibits epithelial cell proliferation, induces differentiation, and regulates prostate metabolic and secretory functions (5, 6) . Androgendependent genes that play key regulatory roles in prostate development or maintenance are poorly defined.
AR mediates androgen functions in the prostate (7) (8) (9) (10) (11) . AR is a member of the nuclear receptor superfamily and, upon ligand binding, AR interacts with cognate androgen response elements (AREs) in genomic DNA and recruits various cofactors (12) (13) (14) (15) (16) (17) . Less is known about the function of these cofactors in the regulation of AR functions in vivo in the prostate.
We have purified and cloned a novel AR-interacting protein (p44/WDR77) (18) . The p44/WDR77 cDNA encodes a protein (containing 342 amino acid residues) that is highly expressed in the luminal epithelium but not in basal epithelium and stromal cells (19) . P44/WDR77 enhanced AR-dependent transcription and was recruited onto the promoters of the prostate-specific antigen (PSA) and p21 genes in the presence of the androgen (18, 19) . We found that the p44/WDR77 translocation from the nucleus to the cytoplasm is strongly associated with prostate tumorigenesis (19) . When we forced nuclear localization of p44/WDR77 in prostate cancer cells, cell growth was inhibited because of G 1 cell cycle arrest, which resulted from up-regulation of p21 gene expression and downregulation of CDK2 gene expression (19, 20) . Loss of one copy of the p44/WDR77 gene resulted in prostatic hyperplasia (19) . These studies suggest that p44/WDR77 plays important roles in the control of epithelial cell proliferation in the prostate.
In this report, we show that p44/WDR77 is required for prostate functions, because p44/WDR77-null mutants display defects in ductal morphogenesis and secretory protein production. Furthermore, p44/WDR77 regulates prostate epithelial proliferation, because its loss results in epithelial hyperproliferation. Finally, loss of p44/WDR77 expression altered expression of some androgen-dependent genes. Taken together, our results provide evidence that the AR cofactor p44/WDR77 functions to promote functional differentiation of epithelium and secretory protein production in the developing prostate by regulating expression of androgen-driven genes.
Materials and Methods

Animals
The p44/WDR77 genomic fragment of the intron 5 was replaced by a phosphoglycerate kinase neo-cassette (PGK-neo), which was surrounded by two loxP sequences. Additional loxP sequence was inserted in the intron 1 of the p44/WDR77 genomic DNA. This arrangement would ablate the NH 2 -terminal portion (amino acid residues 1-194) of p44/WDR77 in the presence of the Cre recombinase. The embryonic stem (ES) electroporation and blastocyst injection were performed by the Genetically Engineered Mouse Facility (GEMF) at M.D. Anderson Cancer Center. In total, 348 G418-resistant clones were screened by Southern blot analysis using the 3Ј-external probe. Five clones displayed evidence of homologous recombination of the disrupted p44/WDR77 gene. ES clones were microinjected into the blastocysts of female C57BL6/J mice. Germ-line chimeras were bred to C57BL6/J mice to generate heterozygous mutant (MT) F 1 mice. The homogenous mice (p44/WDR77 loxP/loxP ) were obtained by the cross between the heterozygous F 1 mice. A subsequent cross between p44/WDR77 loxP/loxP wild type (WT) and PRR2Bi-Cre mice generated p44/WDR77 loxP/loxP ;Cre MT mice. For genotyping, the genomic DNA isolated from ES cells or mouse tails was subjected to Southern blot analysis with a 3Ј-external probe or used for PCR analysis (primer sequences are available on request). The prostate, testis, and penis were dissected from male mice and weighed using an analytic balance. Mice were identified by PCR on tail snips, as previously described (19) .
Prostate separation and histology
The male mice were killed, and the prostate was freed from the other structures. To determine glandular detail, separation of glandular structures from stromal ones was performed according to the method of Sugimura et al. (21) . The numbers of terminal ductal tips and branches (five WT and five MT mice) were determined in a blinded manner under a dissecting microscope. Anterior prostate (AP), dorsolateral prostate (DLP), and ventral prostate (VP) lobes of the prostate were fixed by immersion in 4% paraformaldehyde in PBS for 60 min. The tissues were then embedded in paraffin, and sections (4 m) were cut and mounted on Super-frost Plus adhesion slides (Fisher Scientific, Pittsburgh, PA) for hematoxylin and eosin (H&E) and immunohistochemical staining.
In some cases, the prostate glands were removed en bloc (including the seminal vesicles, urethra, and bladder) and fixed with 4% paraformaldehyde in PBS at 4 C overnight and embedded in paraffin. Sections (4 m) were cut and mounted on Super-frost Plus adhesion slides for staining with H&E.
The height of the luminal epithelium was measured under microscope. Cells from each lobe (30 -40) (AP, DLP, or VP) of WT and MT prostates were measured. Three sections (500 m apart) from each prostate lobe were analyzed. The means of heights of the luminal epithelium from three prostates were presented.
Immunohistochemistry
Antikeratin 18 (anti-K18)(1:50) and antikeratin 5 (anti-K5)(1:1000) were purchased from CHEMICON International (Temecula, CA). The antigen-purified anti-p44/WDR77 (1:100) and anti-AR (1:200) antibodies were described previously (18, 22) . The frozen tissue sections (8 m) were treated with the AffinitPure Fab Fragment Goat Antimouse IgG (Jackson ImmunoResearch Laboratories, Inc., West Grove, PA) overnight at 4 C before immunostaining with the anti-K18 antibody. Antibodies were applied to the prostate tissue sections and incubated overnight. A streptavidin-biotin peroxidase detection system was used according to the manufacturer's instructions (Dako A/S, Grostrup, Denmark). For immunofluorescent staining, the Alexa 594-labeled antirabbit IgG antibody (1:1000) (DAKO Corp., Carpinteria, CA) was used. The fluorescent signals were observed under a cofocal microscope with a red (to detect the p44/WDR77 protein) or blue (to detect the nucleus) filter.
Bromodeoxyuridine (BrdU) labeling
Mice were injected with BrdU (0.1 mg/g of body weight⅐d) (Sigma-Aldrich, St. Louis, MO) ip for 3 d. The BrdU-labeled epithelial cells were detected employing a monoclonal anti-BrdU antibody (BD Pharmingen, Franklin Lakes, NJ). The labeled cells were calculated from three fields of each slide. Three sections from each prostate were analyzed to obtain the mean of BrdUpositive epithelial cells. The means of the proliferating cells from five prostates were presented.
Apoptosis assay
The in situ cell death detection kit (Promega Corp., Madison, WI) was used to detect apoptotic cells according to published procedures (23) . Terminal deoxynucleotide transferase-mediated dUTP nick end labeling (TUNEL)-positive cells and total epithelial cells from each lobe (AP, DLP, or VP) of WT and MT prostates were accounted. The percentage of apoptotic cells were calculated. Three sections (500 m apart) from each prostate lobe were analyzed. The means of percentage apoptotic cells from five prostates are presented.
Collection of secretion
Luminal material was collected from mouse prostate glands. The prostate was minced in 100 l of PBS containing protease inhibitors (1 mM phenylmethane sulfonylfluoride, 10 M leupeptin, 1.4 M pepstatin A). The tissue was centrifuged at 16,000 ϫ g for 2 min at 4 C, the supernatant was drawn off, and the protein concentrations were determined by using the Bradford method (Bio-Rad Laboratories, Hercules, CA) with BSA (Bio-Rad) as the standard. The supernatant was mixed with 100 l of 2ϫ sodium dodecyl sulfate (SDS) gel sample buffer. The samples were then heated to 100 C for 5 min and submitted to 10 to 20% SDS polyacryamide gradient gel. The gel was stained with Coomassie blue R 250. 
DNA microarray
Castration and androgen administration
WT (n ϭ 20) and MT (n ϭ 20) male mice were castrated at 8 wk of age under anesthesia in accordance with the protocol approved by the International Animal Care and Use Committee. The mice were injected sc with testosterone enanthate (3.6 ng/g body weight) 7 d after the operation. The prostate glands were dissected at 0 (n ϭ 10), 24 (n ϭ 10), 48 (n ϭ 10), and 72 (n ϭ 10) h after testosterone replacement. Total RNA was isolated from prostate glands using the Trizol method and subjected to real-time PCR analysis.
Real-time PCR
The total RNAs were reverse transcribed, and the resulting cDNA products were PCR amplified with the RT 2 real-time SyBR Green PCR master mix by the SmartCycler II (Cepheid, Sunnyvale, CA). The raw data procession and quantification were performed with the SmartCycler Software (version 2.0C). RT-PCR primer sets were purchased from SuperArray Bioscience.
Northern blot assay
Northern blot analysis was performed as previously described (23) . The mRNAs were isolated from whole prostate glands of WT (n ϭ 5) or MT (n ϭ 5) male mice at the age of 2 months and transferred to a Hybond N ϩ membrane (Amersham Biosciences, Piscataway, NJ). The membrane was hybridized with cDNA probes of p44/WDR77 and ␤-actin genes.
Results
Generation of the mouse with the conditional deletion of the p44/WDR77 gene in the prostate
Because the p44/WDR77 gene is essential for mouse embryonic development and loss of two alleles of the p44/ WDR77 gene is embryonically lethal (19) , we decided to generate the mouse with complete deletion of the p44/ WDR77 gene in the prostate by the loxP/Cre system. LoxP sequences were inserted into the endogenous p44/WDR77 locus flanking exon 2 to exon 5 (Fig. 1A) . Exon 2 to exon 5 encodes the N-terminal 194 amino acid residues of the p44/WDR77 protein, and this sequence is essential for p44/WDR77 to regulate the AR-driven gene expression (data not shown). In addition, exon 1 and exon 6 are not in the same reading frame after the Cre-mediated recombination and RNA splicing. Thus, this strategy will avoid expression of any p44/WDR77 truncations from the p44/ WDR77 locus after the Cre-mediated recombination. Embryonic stem cells with a disrupted p44/WDR77 locus (p44/WDR77 loxP/ϩ ) were injected into C57/B6 blastocysts. Chimeric mice were backcrossed to C57/B6 mice, and the germ-line transmission of the p44/WDR77 loxP/loxP allele was confirmed by Southern blot (Fig. 1B, To achieve the p44/WDR77 prostate-specific deletion, we crossed p44/ WDR77 loxP/loxP mice to the ARR2Pbi-Cre transgenic mouse line, in which the Cre recombinase is under the control of a modified rat prostate-specific probasin promoter (24) . The original report indicated that Cre recombinase was highly expressed in all prostate lobes. To confirm prostate-specific p44/WDR77 deletion, the prostate glands from 2-monthold p44/WDR77 loxP/loxP WT and p44/ WDR77 loxP/loxP ;Cre MT mice were carefully dissected, and the status of p44/ WDR77 deletion was examined by sensitive PCR and immunohistochemical analyses. PCR analysis confirmed the existence of the target locus in MT mice (Fig. 1C, top panel, lane 4) and of the Cre gene in the prostate of the MT mouse (Fig. 1C, middle panel, lane 4) . The Cremediated p44/WDR77 deletion, as indicated by excision of exons 2-5 of the p44/WDR77 gene, was observed in the MT prostate gland (Fig. 1C, bottom  panel, lane 4) .
Northern blot analysis shows the Cre-mediated loss of p44/WDR77 mRNA expression in the whole prostate of the MT mouse (Fig. 1D, top panel, lane 2 vs. lane 1). Immunohistochemical staining with the anti-p44/ WDR77 antibody demonstrated that the p44/WDR77 protein was expressed in the nucleus of epithelial cell of the prostate of the WT (n ϭ 3) mouse (Fig. 2 , A and C-E). The nuclear p44/WDR77 immunostaining signals were dramatically reduced in epithelial cells of the prostate of the MT (n ϭ 3) mouse (Fig. 2, B and F-H) . Further analysis indicated that expression of the p44/WDR77 protein was mostly lost in the MT mouse prostate at the age of 10 d. In contrast, AR expression in prostate epithelial (indicated by black arrow) and stromal (indicated by white arrow) cells was not affected by the p44/WDR77 gene deletion (Fig. 2, I-K) . Thus, we achieved the Cre-mediated deletion of the p44/WDR77 gene in the mouse prostate.
Loss of the p44/WDR77 gene altered the prostate development and led to hyperproliferation of prostate epithelial cells
To determine whether the loss of the p44/WDR77 gene affected the mouse prostate, we kept a cohort of WT and MT animals for observation of the development and growth of the prostate gland. To avoid potential variations due to their genetic background, only mice from the F 2 generation were used. At the age of 2 months, males of WT (n ϭ 12) and MT (n ϭ 12) littermates were killed. Prostate glands, including the seminal vesicles, urethra, and bladder, were carefully dissected en bloc from WT and MT mice, fixed, and embedded in paraffin (at the same orientation for WT and MT prostates). Samples were then sectioned from dorsal planes, and sections were placed on slides for histological analysis. Figure 3 shows views of AP and DLP prostates of the WT and MT mice. The MT AP (Fig.  3B ) contained small glands and fewer epithelial enfoldings (indicated by white arrows) compared with the WT AP (Fig. 3A) . The MT dorsolateral prostate (Fig. 3B ) had a few glands and clusters of small ducts composed of a simple low columnar epithelium. These ducts resembled immature prostate. The MT ventral prostate showed similar phenotype (data not shown).
In addition, multifocal hyperproliferative epithelial cells were observed in every prostate lobe in all 12 MT male mice examined (Fig. 3B, indicated by black arrows). Multiple layers of epithelial cells were characteristic of these hyperplasic foci. In contrast, none of the 12 male WT mice had hyperproliferative epithelial cells (Fig. 3A) . However, no prostate tumors developed in MT mice at ages up to 6 months (the oldest mice analyzed to date).
To further analyze ductal morphogenesis of the prostate, we used a microdissection technique (21) . To quantify morphological differences, we counted the number of discernible branches and ductal tips of three prostate lobes (AP, DLP, and VP). The WT prostate ducts were well branched at the ends, whereas the prostate development of the MT mouse was significantly impaired with regard to the number of branches and terminal duct tips in three (AP, DLP, and VP) prostate lobes (Fig. 4, A and B) . These results indicate that p44/WDR77 plays a critical role in the development of prostate branches and ductal tips. The deletion of both alleles of the p44/WDR77 gene led to a small prostate gland (about half the size of the WT prostate gland) but did not affect weights of testis and penis (Fig. 4C) . We did not observed any histological defects in testis and penis in the MT mice. These results are consistent with the fact that the Cre is specifically expressed in prostate epithelial cells and there no off target effects on other androgen-target organs. 
Loss of p44/WDR77 expression altered the differentiation of prostate epithelial cells
The secretory luminal layer of the prostatic glandular epithelium is made up of tall columnar cells that are responsible for the production of secretory proteins (3). The luminal layer in the WT prostate contained the normal tall columnar secretory cells (Fig. 5A, left panel) . In contrast, the luminal layer in the MT prostate was composed of the cuboidal basal-like cell (Fig. 5A, right panel) . The luminal epithelial cells in the MT prostates were decreased in height compared with those of the WT controls ( Table 1) . The MT epithelial cells lacked the prominent areas of lightly staining, apical cytoplasm seen in prostatic epithelial cells of the controls.
The secretions from WT (n ϭ 5) and MT (n ϭ 5) prostates were prepared, and protein concentrations of the WT prostate secretions were 2.90 Ϯ 0.14 mg/ml, whereas protein concentrations of the MT prostate secretions were 0.95 Ϯ 0.05 mg/ml. SDS-PAGE analysis revealed that the density of protein bands in the secretions of MT mouse prostate was significantly less than that of the WT prostate (Fig. 5B, lanes 3, 4, 11, and 12 vs. lanes 2, 9, and 10) . However, no significant differences in the secretions in the WT (0.54 Ϯ 0.06 mg/ml) and MT (0.50 Ϯ 0.09 mg/ml) prostates were observed when mice were castrated for 2 wk (Fig. 5B, lanes  6, 7, 15, and 16 vs. lanes 5, 13, and 14) . These results suggest that the epithelium in the MT prostate is not fully functional.
Antibodies to cytoskeleton proteins of the keratin subclasses have been used to study prostate cell differentiation (25) (Fig. 6, A and B, indicated by black arrows) but absent in the luminal cells (Fig. 6A ) of the WT prostate. However, K5 was strongly expressed in some luminal cells of the MT prostate (Fig. 6B , indicated by white arrows). K18 was positive in all luminal cells and negative in all basal cells of the WT prostate (Fig.  6C) . In contrast, K18 was stained weakly in all luminal cells of the MT prostate (Fig. 6D) . In contrast, the expression pattern of p63 (Fig. 6 , E and F) did not altered but p63 expression levels (Fig. 6G) were significantly increased in the MT prostate epithelium. Similar results were observed with the AP and VP prostate lobes. These results suggest that loss of p44/WDR77 expression leads to improper epithelial differentiation, with miss-expression of K5 and a decreased expression of K18.
Loss of the p44/WDR77 gene led to hyperproliferation of prostate epithelial cells
To check proliferation of prostate epithelial cells, we evaluated BrdU incorporation. BrdU incorporation was significantly higher in VP prostatic epithelium of MT mice (n ϭ 5) than that of WT littermates (n ϭ 5) (Fig. 7A,  indicated by arrows) . The observed significant increase in proliferation was evident in all prostatic lobes (Fig. 7B) . We noticed that the BrdU-labeled cells do not distribute uniformly and rather are clustered in the hypeproliferative region (Fig. 7B, circled region) . The BrdU-positive cells are mainly epithelial cells (Fig. 7A, insets) .
To evaluate cell death, we used TUNEL staining in WT (n ϭ 5) and MT (n ϭ 5) mouse prostates. We saw little apoptosis in the WT prostate epithelial cells. However, we saw considerable cell death in the MT prostatic epithelial cells (Fig. 7C) .
To assess whether loss of the p44/WDR77 gene affects androgen-induced regenerative growth of the prostate, we castrated the male mice at 8 wk of age, 21 d later administered testosterone for 15 d, killed the mice, and dissected the prostate glands for histological analysis. Compared with the WT prostate gland, the MT prostate gland showed the similar phenotype (lacking epithelial enfoldings and containing small immature ducts) (data not shown.). Therefore, these results suggest that loss of the p44/WDR77 gene also affected the androgen-driven regeneration of the prostate gland. Table 2) . Expression of 39 genes was decreased in the p44/WDR77-null prostate, and expression of 18 genes was increased. The expression levels of selected genes were confirmed by real-time PCR analysis.
The gene expression profile in the
Products of genes (Sva, Svs2, Svs3, and Svs6) are secretions of prostate, and expression of Svs2 and Svs3 genes are androgen dependent (27) . The second group of genes the expression of which was downregulated in the p44/WDR77-null prostate includes components of a variety of mucus gels in the luminal aspect of surface epithelial cells. These are thought to provide a protective, lubricating barrier against particles and infectious agents at mucosal surfaces (28 -32) . The observed significant down-regulation of expression of these genes is consistent with the altered luminal differentiation of the p44/WDR77-null prostate. Expression of Tff3, Spag 1, Muc3, Defb1, and Defb2 genes is androgen regulated in LNCaP or in mouse prostate gland (27, 33) . Most significantly, the third group of genes (PTK6, CNTN4, SGK2, IGTP, CSF3), the expression of which was altered in the p44/WDR77-null prostate, is involved in the control of cell growth and differentiation. Ptk6, Csf3, and Igtp genes are regulated by androgens (27, 33) . The other 10 genes, the expression of which was decreased in the p44/ WDR77-null prostate, are involved in immune reaction. Lgals6, Saa1, and V28 genes are androgen regulated (27, 33) . Among 57 genes the expression of which was affected by the p44/WDR77 gene deletion, 32 genes are androgen 
Loss of the p44/WDR77 gene abolished the androgen-driven gene expression in the prostate
We studied androgen-response genes in the mouse prostate by investigating genes that were up-regulated or down-regulated by androgen replacement in the castrated mice. The previous studies indicated that in intact adult mice, mean serum testosterone levels were 8.8 nM, which were dramatically reduced upon castration (34) . Administration of testosterone to castrated mice by sc injection of testosterone enanthate maintained serum testosterone levels above 8.8 nM for more than 6 d. The serum concentration of the androgen in castrated mice reached normal adult levels by 12 h after testosterone injection.
On the basis of this information, we castrated WT (p44/WDR77 loxP/loxP ) and MT (p44/WDR77 loxP/loxP ;Cre) mice and administrated testosterone enanthate 7 d later by sc injection. The 0-, 24-, 48-, and 72-h time points after androgen replacement were chosen for isolation of total RNAs from mouse prostate glands. Changes in genes expression induced by the androgen were then analyzed by real-time PCR. Expressions of SGK2, PSCA, and PTK6 genes were up-regulated by the androgen in the WT prostate (Fig. 8) . Deletion of the p44/WDR77 gene dramatically decreased the androgen-induced expression of SGK2 and PSCA, but not PTK6 genes. Similarly, expressions of Svs3, Muc3, Tff3, Dmbt1, Defb2, Saa1, Ceacam10, and Sic26a3 were up-regulated in the WT prostate by the androgen (Fig. 8) , whereas the androgendriven expression of these genes was largely abolished in the MT prostate. In contrast, expression of Cntn4, Maspin, TGF-␤1, and PDEF genes was suppressed by the androgen, and loss of p44/WDR77 expression relieved this inhibition. Western blot analysis demonstrated that Maspin protein levels were significantly higher in the MT prostate than those in the WT prostate (Fig. 8, inset) . Csf3 and NEP genes were also down-regulated by the androgen, and loss of the p44/WDR77 gene did not significantly affect their expression. In the WT mouse, the androgen-induced expression of the NKX3.1 gene was observed at 72 h after androgen replacement. Deletion of the p44/WDR77 gene led to activation of the NKX3.1 gene at 24 h after androgen replacement, indicating that p44/ WDR77 plays a negative role in the regulation of NKX3.1 gene expression soon after androgen administration. Although NKX3.1 gene expression in the p44/WDR77-null prostate was significantly lower that in the WT prostate (data not shown), loss of the p44/WDR77 gene resulted in the early expression of the NKX3.1 gene in response to the androgen administration. Thus, p44/WDR77 is involved in the regulation of some AR-target genes during mouse prostate regeneration and development. 
Discussion
Our analysis provides evidence that AR cofactor p44/ WDR77 plays an important role in normal prostate differentiation and development through modulation of ARtarget gene expression. We have shown that p44/WDR77 is essential for normal morphogenesis and function of the prostate, whereas its inactivation in prostate epithelia leads to prostatic epithelial hyperproliferation, loss of cell differentiation, and altered expression of some AR-target genes. Taken together with the observation that p44/ WDR77 translocation from the nucleus to the cytoplasm in prostate epithelial cells is associated with prostate tumorigenesis (19), we propose that p44/WDR77 in the nucleus is required for proper expression of AR-target genes to maintain the differentiation of prostate epithelial cells and prostate functions.
Prostate organogenesis is associated with androgen signaling from the earliest stages of prostate formation through mature functions. During embryogenesis, mesenchymal AR is required for prostate formation (35) , whereas during adulthood, epithelial AR is required for secretory protein production (2) . The prostate epithelial and stromal compartments act together as one functional unit. A complex signaling relationship between these stromal and epithelial tissue compartments plays an important role in regulating prostate development, growth, and function (5, 6) . Consistent with the fact that prostate epithelial cells express p44/ WDR77, the MT luminal epithelial cells are cuboid-like cells that were not fully differentiated and significantly decreased production of secreted proteins in the prostate. Thus, p44/WDR77 plays a role in the cellular differentiation of the epithelium in the adult prostate.
The finding of this study is in accord with results obtained from the tissue recombination experiments using normal mesenchyme (M) plus epithelium (E) from androgen-insensitive (Tfm) mice (2) . In wt-MϩTfm-E tissue recombinants, although the AR-deficient Tfm epithelium underwent ductal morphogenesis and epithelial proliferation, mature prostatic tissue was rarely detected. These tissue recombinants encompassed the same range of morphologies seen in normal mesenchyme and epithelium with atypical epithelial histodifferentiation and lacking the secretory proteins. Some small ducts had a low columnar epithelium, and other ducts had very large cystic ducts lined with cuboidal epithelium. The p44/WDR77-null prostate resembles that lacking epithelial AR in terms of less epithelial differentiation and hyperproliferation (36) . In contrast, the absence of androgens (under castration) in both epithelial and stromal cells nearly completely abolished cell proliferation in the prostate (37) . These observations further confirm the distinct roles of mesenchymal AR and epithelial AR (2, 35) .
The p44/WDR77 was identified by its physical association with AR in prostate cancer cells and regulated expression of AR-driven genes such as PSA, NKX3.1, PDEF, p21, and TGF-␤1 in various assays (18, 19) . The chromatin immunoprecipitation analysis showed that p44/ WDR77 was recruited onto the endogenous AR-target genes (PSA and p21) in an androgen-dependent manner. Thus, these observations define the positive cofactor function of p44/WDR77 for AR. Current research identified a subset of AR-regulated genes, the expression of which is regulated by p44. More resent studies indicate that transcriptional regulation occurs in RNA polymerase II hubs (38) . In this view, some AR-regulated hubs, and not others, contain p44 that modulates the expression of a subset of genes. The p44/WDR77-null mouse gave us an unique opportunity to further investigate the regulation of androgendriven genes by the AR cofactor (p44/WDR77) in vivo. There are two alternative approaches to studying androgen-response genes in the mouse prostate: first, investigating genes that are up-regulated or down-regulated in the prostate by castration; and second, investigating genes that are up-regulated or down-regulated by androgen replacement in the castrated mice. We chose the second approach. One major advantage of this choice is that the induction of androgen-response genes is not affected by other factor(s) or hormone(s) secreted from the testis. In contrast, castration may cause gene expression changes that are regulated by nonandrogen testicular factors (39, 40) . Furthermore, the induction of androgen-response genes in the prostate by hormone replacement is more rapid (in days) than that by castration (in weeks), because the decay of androgen after castration takes time. Thus, this analysis would reveal genes that are truly regulated by the androgen other than genes the changes in expression of which resulted from alterations in cellular or tissue composition. This approach revealed 15 androgen-regulated genes the expressions of which were dependent on p44/ WDR77 in the mouse prostate. Thus, our in vitro and in vivo studies firmly characterized p44/WDR77 functions as an AR cofactor to regulate expression of some androgen-dependent genes. Three lobes of mouse prostate are different in the term of androgen sensitivity and prostatic secretions. To investigate the lobe-specific functions of p44/WDR77, three individual lobes instead of the whole prostate should be used in future studies. The androgen-signaling pathway plays a critical role in the growth and differentiation of the prostate gland and is a predominant target for prostate cancer therapies (41) . It has been suggested that dysregulation of this signaling pathway contributes to prostate hyperplasia in mice (42) . The fully differentiated luminal epithelial cells are polarized, and the prostatic epithelium loses this polarity during the progression of cancer (43) . We showed previously that the p44/WDR77 translocation into the cytoplasm was strongly associated with the proliferation of prostatic epithelial cells and that the forced nuclear localization of p44/WDR77 seriously retarded the proliferation of prostate cancer cells (19, 20) . Thus, p44/WDR77 functions in the nucleus as a negative factor for cell growth. Consistent with these observations, the p44/WDR77-null prostate had epithelial cell hyperproliferation in every mouse observed. Our data implicate p44/WDR77 as a crucial mediator of the androgen-driven cytodifferentiation and production of secretory proteins in the prostate, thus inhibiting proliferation. In addition, the nuclear p44/ WDR77 establishes or maintains prostatic epithelial cells in a differentiated/functional state through regulation of expression of a subset of (androgen-regulated) genes. Conversely, the p44/WDR77 cytoplasm localization (in prostate cancer) or decrease in p44/WDR77 levels in the nucleus by the loss of the p44/WDR77 gene would relieve this growth arrest and result in epithelial cell proliferation. The proliferating epithelial cells would then afford the opportunity for further genetic mutations to occur, thereby facilitating the progression to prostate cancer. These observations documented a novel role of p44/ WDR77 in the control of prostatic epithelial cell differentiation and proliferation.
